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Trend in Antibiotic Resistance of Streptococcus Pneumoniae 
and Haemophilus Influenzae strains Isolated from community 
Acquired Respiratory Tract Infections in Dakar, senegal 
Between 2005 and 2008
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Abstract: Development of antibiotic resistance among common respiratory pathogens is a major cause of concern worldwide.  
Streptococcus pneumoniae and Haemophilus influenzae are among the most common respiratory pathogens. In this study, represen-
tative samples obtained from 3 different medical centers in Dakar, Senegal were subjected to antibiotic susceptibility testing. The 
samples were collected from 2005 to 2008 and the data obtained was compared to establish resistance patterns between the two years 
(i.e. 2005–2006 to 2007–2008). S. pneumoniae exhibited a significant increase in the resistance to azithromycin and the intermediate 
susceptibility to penicillin G and cotrimoxazole. H. influenzae also exhibited a significant increase in resistance to azithromycin and 
intermediate susceptibility to chloramphenicol. None of H. influenzae samples were resistant to amoxicillin/clavulanic acid, cepha-
losporin and fluroquinolones and most of the S. pneumoniae isolates demonstrated high susceptibility to the antibiotics tested. Results 
from this study will provide greater insights to antibiotic therapy during respiratory tract infections in Dakar, Senegal. This study also 
establishes the importance of continuous monitoring of antibiotic susceptibility patterns that are often region-specific.
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Introduction
Respiratory tract infections (RTI) caused by Strepto-
coccus pneumoniae along with Haemophilus influ-
enzae are a leading cause of death despite antibiotic 
therapy. S. pneumoniae is a causative organism for 
severe RTIs including acute otitis media, acute bacte-
rial exacerbations of chronic bronchitis and sinusitis, 
bacteremia, and community-acquired pneumonia.1–4 
Including the above mentioned diseases, H. influenzae 
is also responsible for diseases such as childhood 
pneumonia and meningitis. There is increasing evi-
dence of continuous evolution and geographical 
variation amongst these strains that is responsible for 
treatment complications.2,5–7 A major concern is the 
development of anti-bacterial resistance, as result it 
is imperative to choose a treatment regimen that is 
region-specific based on the local susceptibility pat-
terns of the bacteria.

It has been previously established that the incidence 
of penicillin-resistant pneumococci has increased sig-
nificantly, worldwide.8 The macrolide resistance in S. 
pneumoniae is mediated by two mechanisms; methy-
lation of ribosomal macrolide target sites encoded by 
erm(B) gene and drug efflux encoded by the mef(A) 
gene.9 The development of resistance can often lead 
to complications in the otherwise empirical treat-
ment of S. pneumoniae infections. On the other hand, 
H. influenzae strains exhibit disparate mechanisms of 
resistance. The most common mechanism of resis-
tance to ampicillin and amoxicillin is β-lactamase 
production.10

The data obtained from different countries reveal 
significant geographical heterogeneity in the antibiotic 
resistance pattern.11–16 Hence, it is mandatory to deter-
mine resistance patterns that are region-specific rather 
than generalized. To date, none of the resistance stud-
ies focus on West Africa. In this retrospective study, 
we intend to report the antibacterial resistance pattern 
of S. pneumoniae, and H. influenzae, in Dakar, the 
capital city of Senegal. Clinical specimens were col-
lected between 2005 and 2008. The changes in resis-
tance pattern of these two organisms data obtained 
from 2005–2006 was compared to results obtained 
from 2007–2008. With this information, we aim to 
present valuable insights to the antibiotic treatment 
strategies that could aid in the physicians’ decision-
making process.

Material and Methods
Sample collection
Clinical isolates of S. pneumoniae and H. influenzae 
were collected from patients with upper (acute otitis 
media and sinusitis) or lower RTI (community-
acquired pneumonia, acute bronchitis). The clinical 
specimens included sputum, bronchoalveolar lavage, 
acute otitis medium effusions, blood, pus swab, sinus 
fluids, and throat swab. Patients were recruited at the 
Departments of Paediatrics and ORL, University 
Hospital of Aristide Le Dantec; Pneumology Depart-
ment of University Hospital of Fann, and a private 
medical setting in Dakar, Senegal. The samples were 
analyzed at the Bacteriology and Virology Labora-
tory of the University Hospital Aristide Le Dantec. 
They were immediately cultured, and the strains iso-
lated were identified according to the standard meth-
ods of microbiology. Antimicrobial susceptibility 
data from 2005–2006 were compared to data from 
2007–2008.

Identification of bacterial isolates
S. pneumoniae was identified by presence of tiny, 
round, flat, and transparent colonies, with central 
depression (checker piece and nail head colonies), 
hemolysis of α-viridans, negative catalase and oxi-
dase test, absence of bile-esculin hydrolysis, lysis by 
bile-salts, susceptibility to optochin and others bio-
chemical characters (using API® Strep BioMérieux, 
La Balme-les-Grottes, France).

H. influenzae was identified by presence of tiny, 
moist, and smooth gray colonies, absence of hemo-
lysis, positive catalase and oxidase test, presence of 
growth factors X and V, satellite growth around streaks 
of Staphylococcus aureus, and others biochemical 
characters (using API NH® galleria, BioMérieux, 
La Balme-les-Grottes, France).

Antibiotic susceptibility testing
Antibiotic susceptibility of all isolates of the test 
pathogens was analysed using the standard agar disk 
diffusion method and the E-test. The bacterial suspen-
sions were suitably diluted to attain a final concentration 
of 105  CFU/ml (an optical density of 0.5 on the McFar-
land scale). H. influenzae suspension was inoculated 
on Haemophilus test medium, and S. pneumoniae was 
inoculated on Mueller-Hinton supplemented with 5% 
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sheep blood. Disks (diffusion method) or strips (E-test) 
containing selected antibiotics were then placed on 
the inoculated plates. These plates were then incu-
bated at 37 °C in a CO2 atmosphere for 18–24 hours. 
The test panel for S. pneumoniae includes penicillin 
G, amoxicillin-clavulanic acid, cefuroxime, ceftri-
axone, azithromycin, levofloxacin, cotrimoxazole, 
chloramphenicol, clindamycin, erythromycin, and 
tetracycline. The test panel for H. influenzae included 
ampicillin, amoxicillin-clavulanic acid, ceftriaxone, 
ofloxaxin, azithromycin, chloramphenicol, and tet-
racycline. ATCC 49247 strain of H. influenzae and 
ATCC 49619 strains of S. pneumoniae were used as 
quality control strains. Minimal inhibitory concentra-
tions (MICs) were calculated as MIC50 (MIC causing 
inhibition of 50% of isolates) and MIC90 (MIC causing 
inhibition of 90% of isolates). Percentage suscepti-
bilities were calculated based on Clinical Laboratory 
Standards Institute (CLSI) break points.17

β-lactamase tests and typing  
of Hamophilus influenzae isolates
The H. influenzae isolates were examined for pro-
duction of β-lactamase using a nitrocefin-based test 
(Cefinase, Becton Dickinson Microbiology Systems, 
Cockeysville, MD).

A latex particle agglutination test (Slidex, Bio-
merieux) was used to type all Haemophilus influenzae 
isolates.

Erythromycin and clindamycin  
double-disc diffusion test
The test was performed to identify the erythromycin 
resistant phenotype. On a blood agar plate, an erythro-
mycin disk (15 µg) was placed 20 mm from the centre 
of a disc containing 10 µg of clindamycin. Blunting 
of the clindamycin inhibition zone proximal to the 
erythromycin disc indicated an inducible resistant 
phenotype, while susceptibility only to clindamycin 
with no blunting indicated the M-phenotype. Resis-
tance to both erythromycin and clindamycin indicated 
constitutive resistance.

Statistical analysis
The WHONET software was used to analyze the 
antibacterial susceptibility test results.18 Comparisons 
of resistance development were made using the 

chi square test for frequencies (k proportions test). 
Significance was realised at P # 0.05 (95% confi-
dence interval).

Results
Patient demographics
For both microorganisms, the most frequent sources 
of bacterial isolates were bronchoalveolar lavage 
and sputum for both the time periods. Between 
November 2005 and August 2006, 100 isolates of 
S. pneumoniae and 71 of H. influenzae were col-
lected, and 105 isolates of S. pneumoniae and 75 
H. influenzae were collected between July 2007 
and May 2008. For H. influenzae, 43 strains have 
been isolated in 2005–2006 and 39 in 2007–2008 
from bronchoalveolar lavage. For S. pneumoniae, 
36 strains have been isolated in 2005–2006 and 
48 strains in 2007–2008 from bronchoalveolar 
lavage. Strains from sputum were obtained from 
33 isolates in 2005–2006 and 30 in 2007–2008 (19 
isolates for H. influenzae in 2005–2006 and 25 iso-
lates for S. pneumoniae 2007–2008). Most of the 
isolates included in this study were obtained from 
patients .15 years of age.

Antibiotic susceptibility testing
All antibiotics demonstrated acceptable MICs values 
toward the controls strains.

S. pneumoniae
The resistance pattern of S. pneumoniae for each test 
antibacterial is given in Figure 1. For both the time 
periods, S. pneumoniae exhibited high susceptibil-
ity towards most of the antibacterials. The rate of 
resistance increased for penicillin G, cotrimoxazole, 
chloramphenicol, and tetracycline from 2005–2006 to 
2007–2008. However, this increase was not statisti-
cally significant. The rate of resistance to azithromycin 
significantly decreased from 2005 to 2008. The inter-
mediate susceptibility increased for all antibacterial 
except for amoxicillin/clavulanic acid, ceftriaxone and 
chloramphenicol. The rate of isolates that exhibited 
intermediate susceptibility to penicillin G increased 
significantly from 7.0% in 2005–2006 to 33.3% in 
2007–2008. There was also a significant increase 
in the intermediate susceptibility to cotrimoxazole 
from 2005–2006 to 2007–2008. Few isolates (6%, 43 
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isolates in 2005–2006; 4%, 28 isolates in 2007–2008) 
were completely resistant to erythromycin and all were 
of the M phenotype (erythromycin-resistant, clin-
damycin susceptible). In order to further characterize 
the resistance pattern, data was individually analyzed 

according to isolates collected from sterile vs. non-
sterile sites (Table 1). A difference was observed only 
in the resistance to penicillin G (8%, 5 isolates bron-
chitis/pneumonia samples; 0%, Otitis/Sinusitis sam-
ples in 2006).
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Figure 1 Rate of complete resistance of S. Pneumoniae.
Note: *P # 0.05.
Abbreviations: PG, Penicillin G; AMC, AmoxClavulanic acid; CXM, Cefuroxime; CRO, Ceftriaxone; AZT, Azithromycin; LEV, Levofloxacin; ERY, Erythromycin; 
CLI, Clindamycin; CO, Cotrimoxazole; CMP, Chloramphenicol; TET, Tetracycline.

Table 1. Antibiotic resistance to S. pneumoniae according to sterile/non-sterile isolates.

Antibiotic % Resistance (2006) % Resistance (2008)

Otites/Sinusites (AOM, Pus swap, Sinus efflusions) n = 7 n = 22
Penicillin G 0 23
AmoxClavulanic acid 0 0
Cefuroxime 0 0
Ceftriaxone 0 0
Azithromycin 0 0
Levofloxacin/Ofloxacin 0 0
Disk-diffusion test
Erythromycin 0 5
Clindamycin 0 0
Cotrimoxazole 14 23
Chloramphenicol 0 5
Tetracycline 14 27
Bronchites/Pneumonia (Sputum, BAL) n = 64 n = 83
Penicillin G 8 35
AmoxClavulanic acid 0 0
Cefuroxime 0 0
Ceftriaxone 0 0
Azithromycin 6 0
Levofloxacin /Ofloxacin 0 0
Disk-diffusion test
Erythromycin 6 4
Clindamycin 0 0
Cotrimoxazole 19 20
Chloramphenicol 2 6
Tetracycline 22 29
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H. influenzae
The resistance pattern of H. influenzae for each test 
antimicrobial is given in Figure 2. None of the iso-
lates was resistant to amoxicillin/clavulanic acid, 
cephalosporin, and fluorquinolones For ampicillin, 
azithromycin, and chloramphenicol, the rate of resis-
tance decreased from 2005–2006 to 2007–2008. 
However, this difference was significant only for 
azithromycin. Except for chloramphenicol and tetracy-
cline, the rate of intermediate susceptibility remained 
fairly constant from 2005–2006 to 2007–2008. 

A significant increase in intermediate susceptibility 
was observed only for chloramphenicol. The rate of 
β-lactamase producing isolates decreased from 37% 
(37 isolates) in 2005–2006 to 27% (20 isolates) in 
2007–2008 (p = 0.049). Subsequently, data was also 
analyzed according to the site of sample collection 
(Table 2). A difference was observed in the ampicillin 
resistance (29%, 7 isolates in otitis/sinusitis vs. 39%, 
30 isolates in bronchitis/pneumonia sample in 2006). 
However, a decrease in resistance was observed in 
2008 in otitis vs. bronchitis samples.
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Figure 2 Rate at intermediate susceptibility of S. pneumoniae.
Note: *P # 0.05.
Abbreviations: AMP, Ampicillin; AMC, AmoxClavulanic acid; CRO, Ceftriaxone; AZT, Azithromycin; OF, Ofloxacin; CMP, Chloramphenicol; 
TET, Tetracycline.

Table 2. Antibiotic resistance to H. influenzae according to sterile/non-sterile isolates.

Antibiotic % Resistance 2006 % Resistance 2008 

Otites/Sinusites (AOM, Pus swap, Sinus efflusions) n = 24 n = 6
Ampicillin 29 16
AmoxClavulanic acid 0 0
Cefuroxime 0 0
Ceftriaxone 0 0
Azithromycin 8 0
Levofloxacin/Ofloxacin 0 0
Disk-diffusion test
Chloramphenicol 8 16
Bronchites/Pneumonia (Sputum, BAL) n = 76 n = 69
Ampicillin 39 27.5
AmoxClavulanic acid 0 0
Cefuroxime 0 0
Ceftriaxone 0 0
Azithromycin 13 0
Levofloxacin/Ofloxacin 0 0
Disk-diffusion test
Chloramphenicol 13 4
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Discussion
The main aim of this study was to determine the 
trend of resistance of two common bacterial patho-
gens (S. pneumoniae and H. influenzae) responsible 
for development of RTIs in Dakar, Senegal from 
2005 to 2008. Samples for this study were recovered 
from patients recruited at 3 different medical centres 
in Dakar. The majority of isolates were recovered 
from patients more than 15 years of age. Camara et al 
(Camara et al, 2003), have shown that 35% of bacteria 
isolated from meningitis were H. influenzae type-b. 
In this study, we have type the strains and found only 
5 Hib among from children aged of 6–9 and one from 
children aged of 11 years. A total of 92% of isolated 
were non HIb. In Senegal Hib vaccine is included in 
the Expended Program for Immunization. This could 
explain the small number of Hib Isolates.

Individual data collected and analyzed for each 
of the three locations in presented in Table 3. 
Although information on previous antibiotic therapy 
could provide valuable information, since this is a 
retrospective study we were unable to obtain this 
information.

The most significant changes were observed in the 
resistance of S. pneumoniae to penicillin G. Rates of 
intermediate susceptible isolates increased from 7% 
in 2005 to 33.3% in 2008. These rates were lower than 
those previously reported by Benbachir et al; 8.6% of 
pneumococcal isolates were fully resistant and 53.1% 
had intermediate susceptibility to penicillin G.19 The 
rate of complete resistance to penicillin G was 1% 
in 2007–2008 which is similar to a previous study 
reporting data from paediatric patients.20 Benbachir 
et al observed that resistance to other antibiotics 
(erythromycin, chloramphenicol and trimethoprim/
sulfamethoxazole) is more frequent among pneumo-
coccal isolates with reduced susceptibility to penicil-
lin G as compared to the more susceptible isolates.19 In 
this study, although sharp differences were observed 
between penicillin G susceptible and non-susceptible 
isolates they were not statistically significant. In 
particular, the rates of resistance to trimethoprim/
sulfamethoxazole and tetracycline were relatively 
high among penicillin G resistant isolates. On the 
other hand the rates of resistance to amoxicillin/
clavulanic acid, cefuroxime, cefaclor, azithromycin, 
and ofloxacin were almost negligible.

Resistance of H. influenzae to ampicillin deceased 
from 35.4% in 2005–2006 to 26.7% in 2007–2008. 
These rates of resistance are in accordance with find-
ings from a study conducted in the paediatric depart-
ment of Fann hospital in Dakar on meningitis,20 as 
well as other studies conducted in other countries in 
Africa.21–27 In our study, we observed that β-lactamase 
production was the primary mechanism of ampicil-
lin resistance for H. influenzae; all isolates that were 
resistant to ampicillin produced β-lactamase. The same 
results were observed in a previous study conducted 
in other parts of the world.10 Among other antibiotics 
tested the resistance to azithromycin decreased sig-
nificantly between the two years whereas the decrease 
in resistance to chloramphenicol and tetracycline was 
insignificant.

In conclusion, the results from this study indi-
cate that a significant increase of resistance of 
S. pneumoniae isolates to penicillin G. Resistance 
of H. influenzae remain relatively high; β-lactamase 
production was the primary reason for these high 
rates of resistance of H. influenzae associated with 
ampicillin. All bacteria remain susceptible to cepha-
losporins, fluoroquinolones, and macrolides. The 
results from this study re-emphasize the need for 
continuous epidemiological monitoring of antibiotic 
resistance.

Selecting an appropriate treatment regimen can 
often be a challenging task owing to rapid changes in 
resistance patterns. Thus the appropriate use of anti-
biotics should be guided by current trends in antibi-
otic resistance. The data reported thus far is intended 
to achieve this objective in Dakar. However, these 
trends should not be extrapolated to other regions 
of Senegal as it has been previously reported that 
resistance patterns exhibit significant geographic het-
erogeneity. Also, additional surveillance data is nec-
essary from paediatric samples to report differences 
in the resistance pattern between adults and children, 
if any.
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